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More Fun with the RTL-SDR

 We saw a lot of basics in the operation of
SDR#

e Now we want to look at how we can write
some of our own code

 We will look briefly at Matlab and Python
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From Yesterday

* Sign up for the free 30-day trial of Matlab and
Simulink at
https://www.mathworks.com/programs/trials
/trial_request.html

* Get the RTL-SDR support package from
https://www.mathworks.com/hardware-
support/rtl-sdr.html

* Under “Supported Hardware” download the
free book and files
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Latest version — released 9/14

R2017b (9.3.0.713579)
64-bit (win64)
September 14, 2017
License Number: DEMO

\
MATLAB

Trial License - for use to evaluate programs for possible purchase as an end-usar only.

.. | MathWorks®
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Then We Need RTL-SDR Support

Download and Installation Progress

& Downloading Support Packages... 100%

C Downloading Third-Party Packages... 0%

O Installing Support Packages
O Installing Third-Party Packages

O Ceonfiguring your installation
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Now To Set Up

Installation Complete

Your Hardware Support Package requires configuration.

You can choose to complete the configuration steps now, or do them later from the
Add-On Manager in the MATLAB Toolstrip.

Setup Now | ‘ Setup Later

Question 1 — What tool is used to set up the RTL-SDR drivers?

'? [ EI | O] r—.'—| m @
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This will go quickly if you already
Installed the Drivers

g B
4 Hardware Setup . R—— — i [ ‘ Iﬁ
What to Consider
Make sure t I
RTL-SDR
Uss n. If you |
Itipl Configure
Multiple Radios
Cancel Next =
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Once Installed

E Hardware Setup

Test Radio Connection

Search and connect

@
@

Test receiver

| Radio Mame

Generic RTL2832U OEM
| |Radio Address|0
| Tuner R820T
Manufacturer |Realtek
Product RTL2838UHIDIR

13

m

1

What to Consider
It may take several seconds for the
app to test radio connection.

If "Search and connect’ fails,
disconnect and reconnect your
radic and click "Test Connection™
button.

Cancel ][ Mext =

]
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. ] -

Hardware Setup Complete

The hardware setup process for RTL-SOR radio is complete.

Show examples for support package!

Cancel | [ Finish |
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Run an example

Examples

— CONTENTS
< Examples Home

< Communications System
Toolbox Support Package for
RTL-5DR Radio

Diagnostics
MATLAB
Simulink

Application-Specific Examples

Documentation Home
Blocks

System Objects
Functions

Release Notes

. g O r_RTL SDR Support Package Ha... |

Close

[ »

ﬁw

Communications System Teolbox Suppeort Package for... =

Spectral Analysis with
RTL-SDR Radio

Use the RTL-SDR radio, with
MATLAB®E and Simulink®, as a data
source for downstream spectrum
analysis. You can chag

Cpen Model

MATLAB

# prcine Analyorr o el

sesmens CECEE
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Simulink Modules

ity S e e N ol

| File Edit Miew Display Diagram Simulation Analysis

@vﬁv gg@vv

(omat  ~] @~

| sdrrSpectralAnalysisExample |

® sdnﬁpecualhnalysisExarnple hd
ol Spectrum Analysis I
3 with RTL-SDR Radio
=
Data #» DC Blocker » |
l:l Passband Spectrum

RTL-SDR J =

Canter Frequeancy = 102.5 MHz > Recaivar Ly
Center Freguency Tunar Loet Sarples
» (]

Latancy (frames)
=

3 Capyright 2013-2017 The MathWaorks, Inc. -

Ready 100% FixedStepDiscrete
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=

4.| Passband Spectrum

File Tools View Simulation Help N

- s-a-50 8B ESA W E

isband Spectrum

=
Latency (frames)

File  Teools View Simulation Help

@-HLP® =- Q- F&-

s

- T
d.| Lost Samples w=—n Sk

File Teools View Simulation Help

G- WP @® |- Q- £H-

Running
e 220 O 2 0 0 N

Frame bazed |Offset=40 T=46208 ‘#

=

Time (

T=77.230

Running Frame based Offzet=1.167 (mins}

RBW=876.56 Hz |Sample rate=1 MHz |[T=12.913
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Double Click, Set to Local Station

i B
#1| Block Parameters: Center F udl Tuner = ﬁ
requency

SDR Center Frequency (MHz)

Center Frequency (MHz)

87.700 107.900
105.9 i

Frequency Range (MHz)

Min Center Frequency (MHZ) |87.7 Max Center Frequency (MHz) | 107.9

[ OK J[ Cancel H Help Apply
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Our Familiar Waveform

I

gﬂ Passband Spectrum E 1

File  Tools View Simulation Help

B-Wko|2- Q- L8 &l R

Passband Spectrum

Magnitude-squared, dB (dBm/ Hz)

i RBW=8976.56 Hz |Sample rate=1 MHz |T=226.151
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This is the Free Book — With Labs

SOFTWARE ¢
DEFINED RADIO &

h
//’.
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Complete QPSK Receiver

__ TUNING PARAMETERS __ __ INTERFACE WITH RTL-SDR __ — RESAMPLE __ __ COARSE FREQ CORRECTION __ — MATCHED RRC FILTER ___
802e8 P fc
out_inducedpeak
QPSK Signal RTL-SOR = I /\. AT
Frequency (Hz) Receiver Dats »| Decimation P{sig_in out_corrected I ETIET
Square root o
3 out_freqoffset - -
i s e Decimation Stage Coarse Freq Cormrection Raseq CG:m Rx Before AGC
Receive Filter
Tuner Gain (dB)
RTL-SDR
Recever I
¥i E Calculated Frequency
_ Offset (H2)
Spectrum Anslyzer
- Received Signal
| |
Timing Strobe | Strobe
x[n/3]
AGC > MFILT: | Symbol Samples
Hi
Autorasc Gain FR Decision Symbols P Data
Control Interpolation
Timing & Phase Syncivonissson Decmation, Demodulstion,
o/p fs=2&Hz Frame Synch & ASCH Decoding
__ DECIMATION, DEMODULATION,
___ PREPARE FOR SYNCHRONISERS ___ ___ SYMBOL TIMING & FINE CARRIER SYNCH. FRAME SYNCH & ASCIl DECODING__
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What It Looks Like in Simulink

B rtisdr_QPSK_ascii message * - Simulink trial

File Edit WView Display Diagram

Code  Toals

Help

Simulation  Analysis

-=- 8 Ee-E-© ¢ - =) @ -
Beh - 3 g @ -= G > > 60 — @
| rtlsdr_QPSK_ascii_message |
® rtisdr_QPSK_ascii_message P -
| | A
= __ TUNING PARAMETERS __ __INTERFACE WITH RTL-SDR __ __ RESAMPLE __ __ COARSE FREQ CORRECTION . __ MATCHED RRC FILTER __
-—b-ﬁmaﬂ
QPSK Signal RTL-SDR out_inducedpeak [p o
ignal -5
I:l Frequency (Hz) Receiver Data Diecimation | ig_in out_comected > —'\fl\,
out at Square root
Decimation Stage R Before AGC
Tuner Gain (dB)
Calculated Frequancy
Offsat [Hz)
Spectrum Analyzer
- Received Signal
Timing Strobe | Strobe
*[ni3]
AGC }—b Filter: | Symbol Samples
Hi
Automatic Gain Decigion Symbals - Data
Control
[ Timing & Phase Synchronisation Decimation, Demodulation,
- op fe=24kHz Frame Synch & ASCI Decoding
I!—EI __ DECIMATION, DEMODULATION,
5 __ PREPARE FOR SYNCHRONISERS ___ __ SYMBOL TIMING & FINE CARRIER SYNCH. FRAME SYNCH & ASCIl DECODING._ ]
Ready View diagnostics 100% FixedStepDiscrete
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QPSK Data Loaded

i '1
Block Parameters: Import RTL-5DR Data ﬁ
Import RTL-SDR Data

This block imports recorded RTL-SDR data from a file, allowing you
to test receivers "offline’. Samples will be output from this block at
the sampling rate at which they were recorded. This sampling
frequency will be displayed in the bottom right hand corner of the
block after you select a data file.

You can use the browse function to select a data file, or you can type
its filepath manually. It will accept either a full or a relative filepath.

310 EU Al o psk_ascii_msg.mat] [ Browse ]
Parameters
Output Frame Size: 4096 E]
Output Data Type:  |single - ] i
N
[ OK ] [ Cancel ] [ Help Apply
S = — ——— =
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The Examples are in an OLD VERSION

-

-
'h". Diagnostic Viewer E@g
- - - x - | I‘{l_j_r, - | q 1 @ - @

rtisdr_QPSK_ascii_message

+ Model Load © 1 -

10:33 PM Elapsed: 0.263 sec

* Simulation @1 &5
10:38 PM Elapsed: 2:01 min

[l Qutput port 1 of 'rtlsdr QOPSK ascii message/Coarse Freg Correction” is not connected.

Component. Simulink | Category: Block warning

This assignment writes & 'double' value into a 'single' type. Code generation does not support
changing types through assignment. Check preceding assignments or input type specifications for
type mismatches.
i . . .
Function "bi2de.m" (#72.2698.27@2), line 89, column 9:
“dout”
Launch diagnostic report.
Component. MATLAB Function | Category: Coder error
Function call failed.
Function "Data Comms Sources and Sinks/ASCII Decoding/Binary to ASCII' (#52.481.587), line 18,
column 24: -
| ___"h'i'J.:'h:-u"rh:-n" hin '1|=--F+_;__m-:h"l"_ _
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There is an Update Advisor

-
@ Web Browser - Mcdel Advisor Report for 'rtlsdr_QPSE_ascii_message’

|5 |
| Model Advisor Report for 'rilsdr_QPSK_ascii_message’ | + | H [ E@ =]
aup 3 ,:é # | Location: Users/Charles/Documents/MATLAB/ slprj/modeladviser/Upgradefdv_/rtlsdr_ QP5K_ ascii_message/report_95.html -

Filter checks Model Advisor Report - rtlsdr_QP SK_ascii_message.slx

7 @ Passed Simulink version: 9.0 Model version: 1.1
_ System: rtlsdr_QPSK_ascii_message Current run: 27-Sep-2017 22:42:39

v ) Failed

@ & Warning Run Summa

¥ [=] Not Run

Pass : arning Not Run Total
@ {1 =1 1 26
Keywords

-

E .
Navigation Upgrade Advisor

Wiew

@ Check model for block upgrade issues
= Scroll to top

Passed
Hld.—» [P S [ RS -]

Question 2 — Would it be best to fix the 10 modules or to use v2017a?

-
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One Last Example

Contact Us  Howto Buy Charles -

4MathW0rks& Products  Solutions Academia Support Community Events

Documentc:lion Search R2017b Documentation Documentation -
= CONTENTS Close 5 Trial Software  § Product Updates
< Examples Homs FM Broadcast Receiver R2017b
<{;ommll_|tn|i)cal|i(ons ?YSETT;?ILDOK o This example shows how to build an FM mono or stereo receiver using MATLAB® and Communications System Toolbox™. You can either use Try it in MATLAB
R::::)O ackage foriit- captured signals or receive signals in real time using the Communications System Toolbox Support Package for RTL-SDR. Radio. ry
< Application-Specific Examples Required Hardware and Software
< MATLAB To run this example using captured signals, you need the following software:

FM Broadcast Receiver = Communications System Toolbox™

To receive signals in real time, you also need the following hardware:
Required Hardware and Software « RTL-SDR radio

Background
g and the following software

Run the Example o )
Receiver Structure = Communications System Toolbox Support Package for RTL-SDR Radio

Example Code For a full list of Communications System Toolbox supported SDR platforms, refer to Supported Hardware section of Software Defined Radio (SDR) discovery page.

Further Exploration
o Background
Selected Bibliography

FM broadcasting uses frequency modulation (FM) to provide high-fidelity sound transmission over broadcast radio channels. Pre-emphasis and de-emphasis filters are used to reduce the
effect of noise on high audio frequencies. Stereo encoding enables simultaneous transmission of both left and right audio channels over the same FM channel [1].

Run the Example

Type FMReceiverExample in the MATLAB Command Window or click the link to run the example. You need to enter the following information when you run the example:

1. Reception duration in seconds

2. Signal source (captured data or RTL-SDR radio)

Presented by:
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Command Line

3 MATLAB R2017b - trial use

HOKE

@ &l cl'ﬁ e & QD & | ISearch Documentation W
@' '{IE' E (5] Find Fles & E . New Variable |5 Analyze Code @ @ (@) preferences E% @ (% Community

New MNew  MNew Open |{|compare Import Save g mn Vet G Simuink  Layout (5 setpatn  Add-Ons  Help et e
Script Live Script - Data  Worksp {Z7 Clear Worksp ~ [ Clear Commands ~ - - ~  [Zl Leam MATLAB
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES x
== 5 5 L » G Users ¥ Charles » Documents » MATLAB ~| 0
Current Folder [GMl Command Window

Mame = New to MATLAB? See resources for Getting Started. £

Errors occurred during parsing of MATLAR function 'Data Comms
Sources and Sinks/ASCII Decoding/Binary to ASCII'

=}
ot

Details A

@

Workspace

Mame =« Value

Bn 40

BnS 40

d 07070

fc 7500

fs_Rx 240000

1 fs_Tx 240000

@] Hdl 1l firdecim

| Hd? 1x1 firderim
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We Go Back to Lab 6

 We will look at the highlights of Wickert’s Lab

* He strongly recommended Python over
Matlab for his coursework

* Remember, he provides links for both a
python interpreter geared toward science /
math applications (Anaconda) and a powerful
IDE (PyCharm) — and a tutorial as well as
sources for the labs

Presented by:
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Block Diagram of SDR FSK Receiver

r(t)

pesigniews CIEC
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Building Blocks for a Receiver in Python

import scipy.signal
as signal
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Building Blocks for a Receiver in Matlab

Signal Processing
Toolbox

loadFile.m

simpleSA.m

pilot_PLL.m

sces_bit_sync.m

fsk_BEP.m

bit_errors.m
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Before Leaving RTL-SDR, Let’s Look
at Another Popular Dongle

RTL-SDR.COM

s GUICKSTARY SETUP GUIBE: K11 SDR.LOM/S6
Ry DVB.T-+DAB-+FH+SOR ufa
RISSURBIT2 OO +BUSTHHE
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pesigniens (CEC EFR

HF? Yes! Direct Sample

gsor corroler NN Il ) e

Device
Generc RTL2832U OEM (D)

Sample Rate
24 M5PS
Sampling Mode
Direct sampling (3 branch)

[F] RTL AGC

RF Gain

Freguency correction (ppm)

30
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1230 Khz AM Broadcast

E SDR# v1.0.0.1583 - RTL-SDR (USB)
e,

PR LT

—N K-X ) U
[+ oo — 8

[RTL-SDR (USB) -
NFM @ AM LSB @ USB

WEM DsB cw RAW

Shift HE

i| Filter
Bandwidth
10,0001

‘ Elackman-Haris 4 - | ﬁ
Ord i Il
rder - MM.N(».‘.NI I‘-.

(l Squelch Cw/ Shift

Step Size

Snap to Grid [¥] |1 kHz -

Correct 13
Swap | &Q

Lock Carrier

AGC
FFT Display
Audio Noise Reduction *

IF Spectrum

IF Noise Reduction *

Baseband Moise Blanker ™
Demodulator Noise Blanker *
Recording *

Zoom FFT*

4 YYYvY¥YVvVYY VY

/| Enable IF Enable Filter

Enable MPX

OIS
DesignNews CEC CENTE

1.230.000 «»

r-\,"w,\."\.-.‘.*r1l-._r..u"-.w-$l-’u‘|k"r

Blue Ridge Advanced Design and Automation

Asheville, North Carolina
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There are Many More Things to
Explore!

* Work Through the labs and write a
demodulator

* Build a transmitter and test with your RTL-SDR

Question 3 — What other projects would you build with a RTL-SDR?

* Next Step — build a commercial-quality SDR!
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Please stick around as | answer
your questions!

* Please give me a moment to scroll back through the
chat window to find your questions

* | will stay on chat as long as it takes to answer!

* | am available to answer simple questions or to
consult (or offer in-house training for your company)
c.j.lord@ieee.org
http://www.blueridgetechnc.com
http://www.linkedin.com/in/charleslord
Twitter: @charleslord
https://www.github.com/bradatraining
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